abstract
P elvic and acetabular fractures caused by high-energy forces are rare injuries, accounting for only 3% to 8% of all traumatic fractures. 1 These fractures often occur in conjunction with other life-threatening injuries, thereby presenting many challenges for emergency physicians and trauma surgeons. 2 In recent years, with advances in resuscitation, mortality rates associated with pelvic fractures have been reduced to approximately 10%. 3 However, achieving effective management of posttraumatic complications, such as acute respiratory distress syndrome (ARDS) and multiple organ dysfunction syndrome (MODS), remains difficult. 4 Currently, there are 2 treatment options for patients with traumatic fractures: early total care (ETC) and damage-control orthopedics (DCO). 5 Early total care involves definitive surgical fracture fixation in the early phase of treatment (24 to 48 hours). Previous studies have demonstrated that in pelvic fracture patients, ETC could reduce length of stay in the intensive care unit (ICU) and overall hospitalizations, as well as aid in early patient mobilization. 6, 7 Nevertheless, more physicians have begun to consider ETC unsuitable for all traumatic fracture patients. In cases with additional complications (eg, shock or severe head and chest injury), ETC has been associated with a high rate of serious postoperative complications, such as systemic inflammatory response syndrome (SIRS), acute lung injury (ALI), ARDS, or MODS. 8 Damage-control orthopedics is a staged strategy in which life-saving procedures and temporary external fixation of major skeletal fractures take priority during the early phase of treatment and subsequent definitive fixation is performed only when a patient's clinical condition permits it. Researchers have documented that DCO could offer great advantages in resuscitation through minimizing blood loss and effectively reducing the risk of posttraumatic complications, thereby providing benefits for patients with serious thoracic, head, or abdominal injuries. 9 Regarding pelvic fractures caused by high-energy forces, universal agreement on all aspects of management remains to be reached, especially concerning patients who fall into the borderline category. 2 According to Pape et al, 5 the term borderline describes a situation in which a patient is apparently in stable condition preoperatively but deteriorates unexpectedly and may develop organ dysfunction postoperatively. 10 Although DCO is becoming increasingly accepted by physicians as the most suitable treatment option, there are data in the literature showing benefits from ETC for borderline patients. 6 Therefore, uncertainty remains in the choice between DCO and ETC as the most appropriate therapeutic option for borderline pelvic fractures. 2 The purpose of the current study was to retrospectively evaluate the efficacy of DCO vs ETC in the treatment of borderline high-energy pelvic fractures to determine the most suitable treatment strategy.
Materials and Methods

Setting and Inclusion and Exclusion Criteria
A 69-month retrospective review of the trauma registry database of the Trauma Center and the Department of Orthopedics of the authors' institution was performed for the time between May 1, 2005, and June 30, 2011. The database contained 385 consecutive pelvic fracture patients during the study period. This study was approved by the medical ethical committee of the authors' institution. To ensure the quality of this retrospective observational study, strict inclusion and exclusion criteria were applied. Inclusion criteria were (1) patient age between 16 and 65 years; (2) high-energy pelvic fractures; (3) borderline patients according to the classification system proposed by Pape 
Treatment
Damage-control orthopedics treatment consisted of 4 phases: (1) life-saving procedures during the acute phase; (2) bleeding control, temporary stabilization of fractures with an external fixation system or a pelvic C-clamp, and management of soft tissue injuries during the second phase; (3) ICU monitoring during the third phase; and (4) definitive fracture fixation when the patient's condition permitted it. 8 For ETC treatment, pelvic packing, bowel and bladder repair, and definitive fracture fixation were performed within 24 hours after injury. Posterior pelvic ring fractures were fixated with reconstruction plates or percutaneous iliosacral screws, and anterior pelvic ring fractures were fixated with reconstruction plates. Intensive care unit monitoring was implemented after definitive fixation. 7 During the ICU monitoring period, rewarming, correction of coagulopathy, mechanical ventilation, maintenance of vital signs, fluid resuscitation with crystalloid or colloid solutions, and arterial blood gas and central venous pressure measurements were undertaken for both groups.
Data Collection
For all patients included in this study, the following data were collected from the authors' database: demographics ( New Injury Severity Score, ISS, and GCS score were determined based on the scoring systems described in the literature. 12, 15, 16 Acute lung injury, SIRS, ARDS, and MOF were diagnosed according to the criteria outlined in the literature. 5, 17, 18 Acute Physiology and Chronic Health Evaluation II (APACHE II) was used to evaluate the severity of each patient's condition after initial fixation. 19 The Faringer system was used to anatomically classify the location of soft tissue injuries. 20 Follow-up included a review of each patient's medical records, including admission notes, operative records, and postoperative visits. Data on demographics, injury severity, clinical course, and postoperative complications were retrospectively analyzed. Patients were stratified by treatment strategy (DCO vs ETC), fracture pattern (Tile classification), and age (younger than 40 years and 40 years and older).
Statistical Analysis
Statistical analysis was performed with SPSS version 16.0 statistical software (SPSS Inc, Chicago, Illinois). All quantitative variables were tested for normal distribution using the KolmogorovSmirnov test and presented as mean±SD. Categorical variables are expressed as counts and percentages. Statistical significance of quantitative baseline variables between groups was assessed by Student's t test for independent samples. Statistical significance of categorical baseline variables was assessed by Pearson's chi-square test or Fisher's exact test. For peri-and postoperative outcomes, general linear models and logistic regression models were used to compare quantitative and categorical variables between groups, respectively. Baseline variables that differed significantly between groups were included as covariates. A P value less than .05 was considered statistically significant (2-tailed).
results
Baseline Patient Characteristics
During the 69-month study period, a total of 72 patients with borderline highenergy pelvic fractures who met the inclusion criteria were selected and included in the study. The patients' baseline data are presented in Table 2 . There was no statistical difference in ISS, NISS, AIS scores of different body regions or blood transfusion requirements within the first 24 hours between the groups. Nevertheless, the AIS head score in the DCO group was significantly higher than that in the ETC group (P=.026), and the GCS score in the DCO group was notably lower compared with that in the ETC group (P=.012). Of the 72 patients, 24 (33.3%) received a blood transfusion within the first 24 hours, with a mean of 347.2±685.5 mL of blood transfused.
Peri-and Postoperative Outcomes
Peri-and postoperative outcomes of patients in both groups are summarized in Table 3 . There was no statistical difference in perioperative parameters, including ICU length of stay and duration of ventilator support, between the 2 groups. In addition, 2 patients with open fractures received skin graft surgery in response to severe soft tissue stripping injuries in the thigh or leg (1 in the DCO group and 1 in the ETC group). No patient with an open fracture underwent muscle flap or free flap reconstruction. In the DCO group, the mean waiting period between external fixation and subsequent definitive fixation was 7.6±2.1 days.
Regarding postoperative complications, all patients had similar incidence rates of pneumonia, sepsis, SIRS, and MOF. However, the incidence rates of ALI and ARDS and mean APACHE II score in the ETC group were significantly higher than those in the DCO group (P=.007, .041, and .001, respectively). In addition to the complications listed in Table 3 , 9 patients in the DCO group who received external fixation showed crust formation, 2 had heavy discharge from the wound, and 3 displayed inflammation and reddening around the external pin sites. These patients were successfully treated with wound care. No patient in either group Table 4 . For patients with Tile B or C fractures, no statistically significant difference was noted in terms of baseline data and initial injury severity between DCO and ETC treatments.
Peri-and postoperative outcomes of DCO vs ETC in patients with Tile B and C fractures are presented in Table  5 . Perioperative parameters, including ICU stay and ventilator hours, were comparable between the 2 treatments. In patients with Tile B fractures, there was no significant difference in the incidence rates of any postoperative complications between DCO and ETC treatments. Nevertheless, in patients with Tile C fractures, patients in the DCO group displayed lower ALI incidence rates and lower APACHE II scores than did patients in the ETC group (P=.010 and .001, respectively).
Patients were stratified by age (younger than 40 years and 40 years and older), and the effectiveness of DCO vs ETC was evaluated in different age groups. Baseline data and initial injury severities of patients are presented in Table 6 . For patients younger n Feature Article 32.5±7.9 -2.5 (-7.6 to 2.5)
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1.3±0. Table 7 . In both age groups, periand postoperative outcomes were comparable between DCO and ETC treatments, except for the incidence rate of ALI and mean APACHE II scores. Patients treated with DCO had lower ALI incidence rates and lower APACHE II scores than those who were treated with ETC (P=.010 for ALI incidence rate and P=.017 for APACHE II score in patients younger than 40 years; P=.043 for ALI incidence rate and P=.042 for APACHE II score in patients 40 years and older).
discussion
Currently, the treatment and management of patients with high-energy pelvic ring fracture poses a challenge for clinicians. This is especially true when patients fall into the borderline category. 21 Treatment of borderline patients represents a controversial issue because the correct choice between DCO and ETC as the most appropriate therapeutic option remains unclear. 2 In the current study, the authors retrospectively compared the clinical effectiveness of DCO vs ETC in the treatment of borderline patients with high-energy pelvic ring fractures. The results show that treatment with DCO could produce lower incidence rates of postoperative ALI and ARDS and lower APACHE II scores than treatment with ETC. This is the case in patients overall and in subgroups stratified by age, as well as in cases with Tile C fractures. For patients with Tile B fractures, there was no significant difference in clinical effectiveness between these 2 treatments.
The mortality rate for high-energy pelvic fractures has been reported to be approximately 10%. 3 Death within the first 24 hours is most often due to hemorrhagic shock caused by acute and massive blood loss. 22 When DCO is performed, the control of hemorrhage and temporary stabilization of major skeletal fractures are top priorities during the acute phase of resuscitation. External fixation used in DCO can reduce hemorrhage through rapidly decreasing the pelvic volume and providing temporary fracture stabilization. 23 Therefore, it has been considered an effective approach in decreasing early mortality rates related to high-energy pelvic fractures. 2 In the current study, comparisons of initial injury severity suggested that patients in both treatment groups had similar initial injury severities, although patients in the DCO group displayed higher AIS head scores and GCS scores. However, both study groups had similar 24-hour blood transfusion requirements, implying that DCO using external fixation did not provide any advantages in controlling blood loss over ETC. The authors thought that this result might be explained, at least in part, by the recent finding that external fixation may widen the posterior pelvis and even aggravate blood loss because this fixation is located anterior to the patient, whereas pelvic ring instability is predominantly posterior. 24 Regarding clinical course, Stubig et al 25 reported in a retrospective study that multiple trauma patients with femoral shaft fractures who received DCO treatment had longer ICU stays and ventilator support times than those who received ETC treatment. In accordance with this result, the current authors found that ICU stays and ventilator support times for patients in the DCO group were slightly longer than those of the patients in the ETC group. This may be due to more severe head injuries being found in the DCO group. According to previous literature, polytrauma patients who have an additional severe head injury usually show a tendency toward a poorer outcome and may be at increased risk for complications after they undergo early definitive fixation. 26 In this study, regardless of more severe head injuries, patients treated with DCO exhibited lower incidence rates of ALI and ARDS and lower APACHE II scores than those who were treated with ETC, confirming the efficacy of DCO during the acute phase of resuscitation for borderline pelvic fractures.
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Mean±SD GCS score A series of studies have demonstrated that polytrauma patients with a borderline condition have an increased incidence of pulmonary complications if they undergo early definitive fixation of ETC 5.27 This was also the case in the current study, which may be elucidated by the second hit theory. According to this theory, early definitive fixation of ETC used after the initial traumatic injury (the first hit) is called the second hit, which has been shown to provoke a variety of severe subclinical inflammatory responses. 28 Previous studies have documented that posttraumatic internal fracture fixation could induce the elevated expression of inflammatory cytokines such as interleukin (IL)-6, IL-8, and IL-10 and promote the local release of these factors in the lungs, consequently causing pulmonary dysfunction in patients. 29, 30 Therefore, the increased incidence rates of ALI and ARDS in the ETC group may be strongly associated with the pulmonary release of inflammatory factors induced by early definitive fixation of ETC. However, this assumption should be further investigated.
The timing of subsequent definitive fixation after the initial temporary stabilization of DCO depends on multiple variables, such as general medical condition, fracture pattern, and associated injuries. In a large survey involving more than 4000 cases, increased incidence rates of MOF have been documented when subsequent definitive fixation was performed within 2 to 4 days after the initial temporary stabilization, whereas patients without MOF received surgery between the sixth and eighth day. 31 This may be explained by the pro-and anti-inflammatory cytokine imbalance that occurs under traumatic conditions, which consequently suppresses immune function and induces severe posttraumatic complications. 32 Based on the current understanding of the molecular pathogenesis of posttraumatic systemic inflammation response syndrome and compensatory anti-inflammatory response syndrome, Reikeraas et al 33 suggested that the timing of subsequent definitive fixation for polytrauma patients should be 1 week after the initial temporary stabilization of DCO. In the current study, mean waiting period between initial temporary stabilization and subsequent definitive fixation in the DCO group was 7.6 days, which was in accordance with these previous studies. However, according to Harwood et al, 34 the waiting period should be no more than 15 days because substantially increased rates of contamination at pin sites of initial temporary stabilization have been observed after 2 weeks.
In addition, the current authors stratified patients according to Tile classification and compared the efficacy of DCO vs ETC in each classification group. For patients with Tile B fractures, both treatment groups had similar initial injury se- verities, and there was no significant difference in the incidence of postoperative complications between DCO and ETC. This finding may be attributed to the fact that Tile B fractures are only rotationally unstable, with less life-threatening conditions and hemodynamic instability than Tile C fractures. This permitted ETC to be performed easily and rapidly (only anterior pelvic fractures needed early definitive fixation), thus avoiding the effects of the second hit inflammatory reaction, at least in a portion of the patients. Considering that DCO requires a second operation and delays patient mobilization despite its effects in reducing risks of complications related to the second hit, the authors concluded that ETC would be preferred for patients with Tile B pelvic fractures. For patients with Tile C fractures, the authors found that the DCO group had lower incidence rates of ALI and lower APACHE II scores than patients in the ETC group, although there was no significant difference in initial injury severity between the 2 groups. Similar outcomes were also observed in the subgroup of patients 40 years and older, in which the majority of patients undergoing DCO treatment had Tile C fractures. As rotationally and vertically unstable fractures, Tile C fractures usually cause life-threatening situations. Immediate definitive fixation of ETC would cause the second hit to occur, which may lead to ARDS, MOF, or even death. 2 Therefore, the authors concluded that DCO should be the first option for patients with Tile C fractures, especially in patients older than 40 years.
The main limitation of this study is its retrospective nature, which may have introduced inherent selection biases and limited the information the authors were able to collect. Another limitation is the small population size, especially patients with Tile B fractures, which may have limited the statistical power to detect differences between the 2 groups. The authors are currently planning a prospective clinical trial with a larger population to further assess the efficacy of DCO vs ETC for the treatment of Tile B pelvic ring fractures.
conclusion
The findings of this study indicate that treatment algorithms for borderline pelvic fractures should be carefully formulated according to the nature of the injury. Damage-control orthopedics is the most suitable therapeutic option for patients with Tile C fractures, especially in those 40 years or older, whereas for patients with Tile B fractures, ETC is preferred, given that it is possible to avoid a second operation as well as any delays in patient mobilization.
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